Whisky (1 g/kg, 21.5% alcohol) was administered orally to healthy young adult male volunteers, and changes in the plasma concentrations of alcohol, acetaldehyde, gastrin, cholecystokinin (CCK) and serum amylase were measured over time. Values for alcohol and acetaldehyde rapidly reached a peak at 30 -45 min after alcohol intake, followed by a gradual decline. The plasma gastrin concentration showed a rapid elevation, while the plasma CCK concentration did not exhibit any significant changes in the early phase after alcohol intake. Elevation of CCK was observed after 75 min, however. These results show that intake of whisky stimulates the secretion of gastrin and is associated with a later increase in CCK.
Introduction
It is well established clinically that acute pancreatitis is often associated with excess alcohol intake. The mechanisms have yet to be clarified in detail, however, and good experimental models of acute pancreatitis induced by alcohol intake are lacking.
Alcohol is known to induce stagnation of the zymogen granules in pancreatic acinar cells under in vitro experimental conditions. 1, 2 This also occurs following the administration of cholecystokinin (CCK), which is widely known as an inducer of experimental acute pancreatitis. 3 Therefore, the possibility that alcohol and CCK work together additively or in a multiplicative fashion arises. Whether plasma CCK changes with alcohol intake is unclear, however, and the interpretation of alterations in other gastrointestinal hormones with alcohol intake varies from report to report. 4, 5 In the present study, plasma gastrin and CCK levels were followed after the administration of whisky to healthy volunteers.
Materials and methods
Whisky was administered orally to young, healthy, non-alcoholic male volunteers, at a dose of 1 g/kg body weight in the form of whisky diluted two-fold with water (21.5% alcohol). Blood samples were then collected every 15 min for 1 h and then every 30 min for another 4 h. The samples were analysed for plasma concentrations of alcohol, acetaldehyde, amylase, gastrin and CCK.
The determination of plasma concentrations of alcohol and acetaldehyde was performed in accordance with the method described by Eriksson et al. 6 Plasma concentrations of gastrin were determined by radioimmunoassay (Euro-Diagnostica, Malmo, Sweden), using gastrin-17 as the standard. 7 Plasma concentrations of CCK were also determined by radioimmunoassay (Otsuka Pharmaceuticals, Osaka, Japan), using synthesized CCK-8 as the standard. 8 Serum amylase was measured using an automated analyser.
Statistical evaluation of the results was performed using Student's t-test; P < 0.05 was regarded as statistically significant. All measurements were expressed as mean ± SD.
Results
Sixteen men, aged 20 -24 years, participated in the study. The plasma concentration of alcohol rose rapidly after intake, reaching a peak at about 30 min, followed by a plateau (maintained for about 15 min) and then a gradual decline (Fig. 1A) .
The maximum plasma concentration of alcohol was 25.1 ± 1.5 mM. However, the level was still 10.0 ± 2.3 mM 5 h after alcohol intake. The plasma concentration of acetaldehyde showed a first peak of 30.0 ± 3.9 µM 45 min after alcohol intake. This was followed by a small decline and then a rise to a second peak at 120 min, which was then followed by a more gradual decline (Fig. 1B) .
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Among the individuals participating in the study, there were no cases demonstrating a significant elevation in serum amylase after the intake of alcohol.
The plasma concentration of gastrin showed a significant increase (P < 0.05) of 26.3 ± 8.8% 15 min after alcohol intake. The raised level was generally maintained until 180 min, and was then followed by a gradual decline to the initial value after 300 min ( Fig. 2A) .
The plasma concentration of CCK showed significant elevation (P < 0.05) 75 min after the intake of whisky, and then gradually decreased (Fig. 2B ). 

Discussion
The results obtained in this study indicated that alcohol is rapidly absorbed after oral intake, with plasma concentrations reaching a peak after about 30 min, with limited individual variation. Biological responses that may affect the pancreas after oral or intragastric administration of alcohol include increased tension in the sphincter of Oddi in the duodenum 9 and increased gastric secretion in the stomach, 10, 11 resulting in increased pancreatic exocrine secretion due to the stimulation of secretin caused by the lowering of the duodenal pH. The elevation of secretin and the enhancement of pancreatic secretion that occur approximately 1 h after the administration of alcohol are thought to be due to gastric secretion. 10, 12 However, there is some variation in the effects of alcohol intake on the stomach: beverages such as beer and wine stimulate gastric secretion, whereas distilled spirits such as whisky and vodka do not. 13 -15 Straus et al. 16 suggested that the direct effects of alcohol on the duodenum were also important, but this requires clarification.
The small, but significant, elevation in the plasma concentration of gastrin early after oral intake of alcohol is in line with the results reported by Hajnal et al. 15 and Becker et al., 17 who suggested that the enhancement of gastric secretion caused by the intake of alcohol is partially mediated by gastrin.
With regard to CCK, enhancement of CCK secretion by alcohol intake has been reported in rats. 5, 18 In humans, Hajnal et al. 15 reported that oral administration of alcohol solution, beer or wine stimulated CCK secretion. Although the results of the present study did not reveal any immediate significant elevation in plasma CCK after whisky intake, a subsequent significant increase, due to some indirect stimulus, was seen. No significant changes in the trypsin output in duodenal aspirate were observed following alcohol intake in humans, in spite of a significant increase in CCK release. 15 We suggest that the inhibition of pancreatic secretion and increased CCK caused by whisky intake may work together additively and lead to congestion of the zymogen granules, which may then result in acute pancreatitis in some individuals. 
